Abstract. The structure is designed to minimize component damaged, one of them is using a damping system. Viscous Wall Damper is one of the damping systems, using high viscosity liquids as dampers. The viscous wall damper is represented by an Exponential Maxwell Damper model. Much of the literature shows the ability of viscous wall damper by experimental studies, but few of them had discussed numerically. This article will present an analytical model of the viscous wall damper, add viscous wall damper element to an existing frame and numerical analysis. The analysis was performed by a computer application on a steel space frame that excited a combination of three earthquake types. The influence of Viscous Wall Damper showed that a significant decrement of displacement u1 at the structure with Viscous Wall Damper in X & Y direction (50,78%) and with Viscous Wall Damper in Y direction (23,96%). The decrement displacement happened in all structure. At the end of the analysis shows the reduced of the structure periods, the structure response (displacement, velocity, and acceleration). All these results conclude that the structural components damaged due to loads can be greatly reduced.
Introduction
The basic principle of conventional earthquake resistant design that has been applied is intended to ensure an acceptable safety level while avoiding catastrophic failure and loss of life. Therefore, many types of research have been conducted into developing innovative earthquake -resistant systems in order to raise seismic performance level while keeping construction costs reasonable by using a damping system [1] . The damping system will dissipate most of the earthquake energy and less of them will transfer to the component [2] . Viscous Wall Damper (VWD) is one of the damping systems, using high viscosity liquid as dampers. The wall damper works on all of the frames, consisting of an inner plate/vane attached to the upper floor, the outer plates mounted on the lower floor, and the viscous fluid in the small gap in between. The outer plate is a kind of "house" for the inner plates. The viscous fluid is a non-toxic, odorless, transparent fluid with a viscosity of 90,000 poises [3] . [3] During seismic, or in strong winds excitation, the relative floor movement causes the vane move through the viscous fluid and produced a force against the inter-story drift. Thus, overall, structural deformation is reduced.
This viscous damper is a relatively new invention. Benefits of Viscous Wall Dampers are cost savings, which it reduces the weight of structural steel required and lower the total cost of the building; architectural flexibility, which the compact, rectangular shape of the damper is easier to incorporate and gives greater architectural freedom than diagonal braces or dampers; better performance, by reducing inter-story drift, the viscous wall damper provide superior seismic protection to the structure and its contents; maintenance free, the damper have no moving parts or seals, are under no internal pressure and do not require maintenance; retrofits, ideal for retrofits; easy to install and may require less structural strengthening than hydraulic damper retrofits [3] .
Because of the added damping, displacements and stresses in the superstructure can be significantly reduced by up to 50%, resulting in less steel and lower structural cost. This savings is more than off-sets the cost of viscous wall damper and results in a better performing and more economical structure.
The concept of a viscous wall damper was first invented by Mitsuo Miyazaki [4] (Japan) in the 1980s, studied that effectiveness of the viscous wall damper was confirmed by 5-floor model. In 1988, Miyazaki, M; Arima, F. et al., [5] stated the viscous wall damper effectively absorbs energy, thus reducing the dynamic structural response due to earthquake; also effective for structures with moderate earthquakes; more effective for stronger earthquakes; the difference of damping effect on earthquake characteristic s is not known on the struc-ture with this viscous wall damper; the acceleration and displacement of the structure may be reduced by 30% -50%
Miyazaki's test of the viscous wall damper followed by Y. Matsusaka [6] ; aims to produce effective dampers for weak to strong, reliable & durable inputs, maintenance free and economical, where the target damping constants 20% -30% in the elastic range to reduce the dynamic response. They tested using the damper at SUT Building (2 basements and 14 floors) in Shizuoka, Japan. Time history analysis, the viscous wall damper matrix [C w ] is added to the usual motion equation. NonNewtonian fluid effect (α <1.0) is given in equation 1
By comparing the dynamic response of different structures to the seismic input conditions, it was concluded that the viscous wall damper can reduce the structure response by about 70% to 80% with the maximum response still in the elastic range. All maximum responses can be reduced to the elastic range on the frame without any damage. [7, 8] The reliability of the viscous wall damper was also tested by Ngai Yeung, et al. [9] , to investigate the behavior and effectiveness of viscous wall damper in controlling the vibrations due to the effects of wind on high-rise buildings Xilin Lu, et al [10] presented a thorough investigation of the viscous wall damper (VWD) for seismic response mitigation on reinforced concrete frames. The test results show a large number of additional dampers on the reinforced concrete frames of more than 20% and simultaneously drastically stiff the structure, decrease the displacement response by about 30% -60%, the acceleration response and the reduced shear force on some cases, but increased in other cases.
The same case had been done by R Love et al [11] , who had completed the construction of Hospitals in California, described an analysis of a 94,000 m 2 building. He concluded that it is possible to design a very important structure in areas with high seismicity. The efficiency of the designed structural system is evidenced by the reduced tonnage of building steel.
The same state is also written by Kazuhiko Sasaki, et al. [12] . Viscous dampers are able to absorb small and large vibrational energy such as wind or seismic movement efficiently. Characteristics of viscous wall damper were designed to effectively withstand earthquakes of magnitude that have been tested and predicted for the future. The earthquake that occurred in the Tohoku Region on March 11, 2011, is stronger than predicted.
All the research improve that the viscous wall damper is able to increase the damping ratio, reduced structural response due to earthquake and wind loads, and have been widely used in tall buildings in Japan and several other countries.
Much of the literature shows the ability of viscous wall damper in experimental studies (Reinhorn AM [13] , Karunarathne, et al [14] ), but few of them discusses numerically, especially about how to represented and modeling of the viscous wall damper in a software. Dynamic Isolation System, as a production the viscous wall damper, had released a guideline of viscous wall damper modeling in 2015.
This research presents the numerical analysis of viscous wall damper in the steel frame, including introducing the damper, modeling, specification, implementing in 3 story steel frames, the non-linear response history analysis in steel frame without and with the damper, and the conclusion.
Modeling of Viscous Wall Dampers
The seismic response of the viscous wall dampers can be readily modeled using existing nonlinear elements in SAP2000. This section of the modeling guide is written in the context of SAP2000 and assumes that nonlinear response history analysis is performed. Dynamic Isolation System Viscous Wall Dampers are best represented by an Exponential Maxwell Damper model, as shown in the figure on the below (from the CSI Analysis Reference Manual). The SAP2000 element type is NLLINK. The model consists of a linear spring, K, in series with an exponential damper characterized by C and α, such that the force in the damper is related to the velocity across the damper through the force-velocity relationship F = C V α [3] . This formula is identical to apart of the formula (1). Figure 2 Modeling of Viscous Wall Dampers [3] Unlike piston dampers, Dynamic Isolation System Viscous Wall Dampers connect to beams above and below. Therefore, to use the above 2-node element, a typical frame containing the dampers can be modeled as follows: Figure 3 The Viscous Wall Damper in an existing frame [3] 
Application The Viscous Wall Damper on Steel Frame
In order to verify the modeling viscous wall damper and to investigate its influence on the seismic response of a structure in a dynamic analysis, a 3D steel frame located in Yogyakarta (-7.7956; 110.3695), Indonesia, at the soft soil.
The geometrical and mechanical properties of the frame a given in table 1. Table 1 . Geometrical and mechanical properties of element structure The inherent damping of a structure is assumed to be equal to 5% and VWD is added as a supplementary damping to the system. Also, velocity exponential coefficient is assumed equal to 0,5.
Geometrical Properties
Periods of fundamental approach structure Ta, was calculated as 0.195 seconds. The location of the building is in the city of Yogyakarta, which has historically experienced a major earthquake 6.2 Mw at May 27, 2016, with epicentre at coordinates (-7.977°; 110.318 o ) and 26 km from Jogyakarta city with a depth of 35 km due to a shift in the form of movement opposite (USGS), so the R rupture 43.6 km.
The seismic load had determined by matching the acceleration spectra at the surface from earthquake risktargeted max. consider earthquake for Yogyakarta city.
A study is presented to evaluate the effect of the viscous wall dampers on building vibration control. Therefore, the influence of the damper in the considered structure's seismic response has been investigated using a nonlinear time history analysis of the frame model under the earthquake. 
Analysis of structure without the damper
Analysis of structure without the damper, as in figure 4.
Analysis of structure with the dampers in Y direction
The structure used The Dynamic Isolation System Viscous Wall Dampers (DIS VWD) size 7"x 12" double vane with a viscous fluid layer thickness of 5 mm. By using 3 dampers in the interior frame at Y direction, the structure had been analyzed. The structure used The Dynamic Isolation System Viscous Wall Dampers (DIS VWD) size 7"x 12" double vane with a viscous fluid layer thickness of 5 mm, the same size likes frame in Y direction.
By using 3 dampers in the interior frame at Y direction and 6 dampers in the exterior frame at X direction, the structure had been analyzed.
Analysis And Discussion
The analysis had been done by using SAP2000 version 19. The result of analysis given the following table. The table 3 presents the periods and eigenvalue of modal analysis of structure without VWD, with VWD on the interior frame in the Y direction and with VWD on the interior frame in Y direction & exterior frame in the X direction. In general, the periods had decreased in frame with VWD, otherwise frequency angular had increased. The periods didn't have the decrease at the first time, because its need velocity to move the vane through the viscous fluid.
The last statement was proven by figure 7 , that shows the structure with dampers have similar periods, especially at the higher mode (mode 2, 3, and the others). The influence of VWD also showed at table 4, which there is a significant decrement of displacement u 1 at the structure with VWD in X & Y direction (50.78%) and with VWD in Y direction (23.96%). The decrement displacement happened in all structure, as table 4 presented. The time history analysis was conducted and the resulting peak displacements in the horizontal direction were obtained from the analysis. Figure 9 The time history vs max. displacement at X direction This figure shows that structure with VWD in X & Y direction had most significant decrement than the others, especially at the steady state. At transient state, the effect of dampers was not too obvious in the first 30 seconds. After that, the structures begin to vibrate regularly until it reaches steady state. The similar case also happens at maximum velocity and maximum acceleration, as figure 10 and 11 respectively At the end, figures 9 -11 make it obvious that the magnitude of the displacement decreased efficiently when the building was equipped with a VWD device.
Conclusion
Many efforts had been to develop the viscous wall damper as the equipment to controlled seismic response structure in experimental, but few of them had discussed numerically. A study to modeling the viscous wall damper by using existing nonlinear elements in SAP2000 had been done. It assumes that nonlinear response history analysis is performed. Dynamic Isolation System Viscous Wall Dampers are best represented by an Exponential Maxwell Damper model. The model consists of the a linear spring and in series with an exponential damper characterized by C and α, such that the force in the damper is related to the velocity across the damper through the force-velocity relationship By adding the viscous wall damper at the uncontrol structure, the analysis was performed by a computer application on a steel space frame that excited a combination of three earthquake types at a three story steel frame with equipped viscous wall dampers at interior frame Y direction and with viscous wall damper in X & Y direction
From the analysis, it displays the ability of the damper due to a relative intense earthquake load. In general, the periods had decreased in frame with VWD, otherwise frequency angular had increased. The periods didn't have decrease at the first time, because its need velocity to move the vane through the viscous fluid and produced a force against the inter-story drift.
The influence of VWD showed that a significant decrement of displacement u 1 at the structure wwith VWD in X & Y direction (50,78%) and with VWD in Y direction (23,96%). The decrement displacement happened at all structure At the end, all structure analysis shows the reduction of the structure periods and the structure response (displacement, velocity, and acceleration). All these results conclude that the structural components damaged due to loads can be greatly reduced.
